. Determination of Michaelis-Menten parameters and thermostability for all five DERA orthologs. (a)-(c) Michaelis-Menten kinetics: triplicate measurements were performed at 25 °C with different 2-deoxy-D-ribose-5-phosphate (D5P) concentrations. (d) Far-UV CD scan and (e) melting point determination for DERAEC. Since the spectrum is dominated by α-helices, a minimum at 222 nm is observed. This was used to determine the melting point of the enzyme. (f) Activity half-life of DERA orthologs after thermal incubation. At specific time-points samples were taken for kinetic measurements at 25 °C. Then the half-life was calculated assuming a first order exponential decay function. Figure S2 . Pairwise structural and sequence similarity of DERA orthologs, given as Cα-RMSD and percent sequence identity, respectively. Comparison is based on monomeric units (chain A) in all cases. Structures of E. coli (1JCL), T. maritima (3R12) and P. aerophilum (1VCV) were retrieved from the Protein Data Bank. Blosum62 matrix was used for sequence alignments. Figure S3. (a) Root mean-square deviations with respect to the starting structure and (b) radius of gyration (Rg) for Cα atoms computed from three independent MD simulations of DERAs from C. psychrerythraea, S. halifaxensis, E. coli, T. maritima, and P. aerophilum. PDB codes are given in Table S2 . In each case, 5000 conformations over 100 ns of simulation time were considered. The darker lines represent the moving average of 100 conformations. For the radius of gyration average values over all conformations ( standard deviation) were determined to be 45.8±1.0 Å (DERACP), 45.4±0.9 Å (DERASH), 48.1±1.2 Å (DERAEC), 41.5±1.9 Å (DERATM) and 34.9±0.9 Å (DERAPA). Figure S4 . Distribution of transition points (Tp) derived from constraint network analysis, based on ensembles of 3 x 1125 conformations generated by MD simulations. The black curves represent the fitted Gaussians; correlation coefficients (R²) and medians with standard errors are indicated. Figure S5 . Size exclusion chromatogram of different DERAEC variants. A logarithmic calibration curve (blue) with protein standards β-amylase (Amyl, 200 kDa), alcohol dehydrogenase (ADH, 150 kDa), bovine serum albumin (BSA, 66 kDa), carbonic anhydrase (Carb, 29 kDa) and cytochrome C (CytC, 12.4 kDa) was used to determine the apparent molecular mass. The in silico mass of wt DERAEC (single chain) equals 28.6 kDa. Figure S6 . Synthesis of the reference compounds 6a and 6b for HPLC measurements.
Supplementary Tables
T. maritima 3R12 510
P. aerophilum 1VCV Table S3 . Number of non-covalent interactions in DERA variants and correlation to optimal growth temperatures of their hosts. The FIRST software was used for these calculations with either the crystal structures (dimers) or an ensemble of conformations derived from 3 x 50 ns of MD simulation as input. Input files for the structures are listed in Table S2 . *RMSIP values range from 0 to 1, with 1 indicating completely overlapping conformational subspaces and 0 completely independent conformational subspaces; the submatrices are symmetric with comparisons of an MD trajectory to itself on a diagonal. 
Supplementary Methods

Constraint network analysis (CNA)
In the CNA approach, a protein is modeled as a constraint network, where bodies (representing atoms) are connected by sets of bars (constraints, representing covalent and noncovalent interactions) 1 . A rigidity analysis performed on the network 2,3 results in a decomposition into rigid parts and flexible links in between. By analyzing a series of "perturbed" networks in which noncovalent interactions are included in a temperature-dependent manner 4-6 the loss of rigidity of a protein is simulated, which can be related to thermal unfolding 4, 6, 7 . Here, hydrogen bonds with an energy E HB (computed according to a modified version 6 of the potential by Mayo and coworkers 8 .) larger (i.e., less negative) than a certain cutoff E cut were removed from the network in a stepwise manner. E cut was varied between −0.1 kcal mol −1 and −6.0 kcal mol −1 with a step size of 0.1 kcal mol −1 . According to the linear relationship between E cut and the temperature T introduced previously 4, 7 , the range of E cut used in this study is equivalent to increasing the temperature of the system from 302 K to 420 K with a step size of 2 K. Results of these analyses can be linked to biologically relevant characteristics of a biomolecular structure by a set of global and local indices 9 . In particular, a phase transition point T p can be identified during the thermal unfolding simulation at which a largely rigid network becomes almost flexible; this phase transition point has been related to the thermodynamic thermostability of a protein 4, 5, 7 . T p was identified by a modified cluster configuration entropy H type2 4, 9 . H type2 monitors the degree of disorder in the realization of a given network state during the unfolding simulation. The H type2 versus T curve obtained from a thermal unfolding simulation was fitted with a double sigmoid as done previously 5 , and the temperature T p was identified as the inflection point of the sigmoid with the larger difference in the asymptote values. For characterizing the local rigidity and to understand the influence of mutations on DERA properties at a microscopic level, the stability map rc ij was used 7 . A stability map is derived by identifying "rigid contacts" between two residues i and j that are represented by their C α atoms. A rigid contact exists if the two residues belong to the same rigid cluster. During a thermal unfolding simulation, stability maps are then constructed: for each residue pair, E cut (or, equivalently, a temperature derived from the relationship T = f(E cut ) described in literature 4, 7 ) is identified at which a rigid contact between these residues is lost. When filtered by considering only rigid contacts between residues that are at most 5 Å apart from each other (measured as the distance between the closest atom pair of the two residues), a neighbor stability map results 10 . This map helps focusing on short-range residue contacts. For improving the robustness of the rigidity analyses, they are performed on structural ensembles generated by MD simulations. Results are averaged over the ensembles, and the uncertainty is computed by the standard error of the mean.
Synthesis of reference compounds for the DERA-catalyzed aldol reaction General information for chemical reactions
All reactions were carried out using standard Schlenk techniques under dry nitrogen with magnetic stirring. Glassware was oven dried at 120 °C overnight. Solvents were dried and purified by conventional methods prior to use. All reagents were used as purchased from commercial suppliers unless otherwise specified. Numbering of the compounds corresponds to Fig. S5 (4R)-3-Acetyl-4-benzyloxazolidin-2-one (2) (R)-4-Benzyl-2-oxazolidinon (1) (1.25 g, 7.05 mmol) were solved in 15 ml tetrahydrofuran and cooled to -40 °C. Afterwards 3.1 ml n-butyllithium (7.76 mmol, 2.5 mol/L in n-hexane, 1.1 eq.) were added dropwise, leading to a white precipitate. After 15 min freshly distilled acetylchloride (0.61 ml, 8.47 mmol, 1.2 eq.) was added and the reaction was stirred for 60 min at -40 °C. The reaction was quenched by addition of 5 ml 2 M HCl and 5 ml H 2 O and warmed up to room temperature (40 min). The reaction mixture was extracted with diethylether (3x), the combined organic phases were washed with brine and dried over MgSO 4 . Evaporation of the solvent resulted in 1.54 g (7.02 mmol, 99.5%) of product 2 as a white solid. 1.00 g of compound 2 (4.56 mmol) were solved in 40 ml CH 2 Cl 2 and cooled to -78 °C. Addition of 0.6 ml titan tetrachloride (5.47 mmol, 1.2 eq.) led to an orange color of the solution. After 5 min N,Ndiisopropylethylamine (DIPEA, 1.01 ml, 5.93 mmol, 1.3 eq.) was slowly added. The color changed to black. After another 35 min, 0.5 ml (6.89 mmol, 1.51 eq.) propanal were added. The reaction was stirred for 3 h, quenched with saturated NH 4 Cl 2 solution and diluted with dichloromethane. After extraction with dichloromethane (3x) the combined organic layers were washed once with brine and dried over MgSO 4 . The diastereomeric ratio was 2:1. After evaporation of the solvent, the crude product was purified by column chromatography. 728 mg (2.63 mmol, 58%) of the main diastereomer 3a and 215 mg (0.78 mmol, 17%) of the minor diastereomer 3b (total yield 75%) could be isolated.
GC-MS
Main diastereomer (3a):
TLC: R f = 0.39 (petroleum ether:ethyl acetate 60:40). To a solution of 935 mg (2.3 mmol) of compound 4a in 40 ml dry dichloromethane at -78 °C were added 10 ml diisobutylaluminium hydride (10 mmol, 1 M in n-heptane, 4.35 eq.). The reaction was stirred for 3 h until full conversion (determined with TLC, petroleum ether:ethyl acetate 90:10). The reaction was warmed up to room temperature and quenched with saturated Na-Ka-tartrate solution, yielding a white suspension. The suspension was extracted with diethylether and the solvent was evaporated. The crude product was solved in dry dichloromethane (40 ml) and DNPH (0.68 g, 3.45 mmol, 1.5 eq.) and PTSA*H 2 O (200 mg, 1.05 mmol, 0.4 eq.) were added. The red suspension was stirred at room temperature for 1 h, filtrated and washed with n-pentane. The solvent was evaporated and the crude product was purified with column chromatography (petroleum ether:ethyl acetate 95:5) yielding product 5a (489 mg, 1.23 mmol, 52%). C-2' ), 71.7 (C-3'), 116.5 (C-6''), 124.0 (C-3''), 128.8 (C-2''), 130.0 (C-5''), 137.9 (C-4''), 145.1 (C-1''), 150.5 (C-1').
GC-MS (EI
Δδ (=δ S -δ R ) data for the (S)-and (R)-MTPA esters (S)-7 and (R)-7.
To a solution of 181 mg (0.51 mmol) of compound 4b in 10 ml dry dichloromethane at -78 °C diisobutylaluminium hydride (2 ml, 2.5 mmol, 1 M in n-hexane, 4.89 eq.) was added. The reaction was stirred for 3 h until full conversion (TLC, petroleum ether:ethyl acetate 90:10). The reaction was warmed up to room temperature and quenched with saturated Na-Ka-tartrate solution (white suspension). The suspension was extracted with diethylether and the solvent was evaporated. The crude product was solved in dry dichloromethane (10 ml) and DNPH (0.15 g, 0.77 mmol, 1.5 eq.) and PTSA*H 2 O (70 mg, 0.41 mmol, 0.87 eq.) were added. The red suspension was stirred at room temperature for 1 h, filtrated and washed with n-pentane. The solvent was evaporated and the crude product was purified with column chromatography (petroleum ether:ethyl acetate 95:5) yielding the product 5b (104 mg, 0.26 mmol, 56%).
The analytical data were found to be identical with those from 5a.
[] = +69.5 (c = 1.1, CHCl 3 ). 
